The subject of protein quality assessment of foods and diets was addressed at the Codex Committee on Vegetable Proteins (1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989), FAO/WHO (1989 , 2001 ) and WHO/FAO (2002) expert reviews. These international developments are summarized in this manuscript. In 1989, a Joint FAO/WHO Expert Consultation on Protein Quality Evaluation reviewed knowledge of protein quality assessment of foods, and specifically evaluated amino acid score corrected for protein digestibility, the method recommended by the Codex Committee on Vegetable Proteins. The report of the Consultation published in 1991 concluded that the Protein Digestibility-corrected Amino Acid Score (PDCAAS) method was the most suitable approach for routine evaluation of protein quality for humans. The Consultation recognized that the amino acid scoring pattern proposed by FAO/WHO/UNU (1985) for preschool children was at that time the most suitable pattern for calculating PDCAAS for all ages except infants in which case the amino acid composition of human milk was recommended to be the basis of the scoring pattern. The rat balance method was considered as the most suitable practical method for predicting protein digestibility by humans. Since its adoption by FAO/WHO (1991), the PDCAAS method has been criticised for a number of reasons. The FAO/WHO (2001) Working Group on analytical issues related to protein quality assessed the validity of criticisms of the PDCAAS method. While recognizing a distinct regulatory use of protein quality data, the Working Group recommended that the PDCAAS method may be inappropriate for the routine prediction of protein quality of novel and sole source foods which contain high levels of anti nutritional factors; and that for regulatory purposes, the method should be revised to permit values of .100 for high quality proteins. In evaluating the recommendations of the Working Group, the WHO/FAO (2002) Expert Consultation on Protein and Amino Acid Requirements endorsed the PDCAAS method with minor modifications to the calculation method but also raised several issues. These included the calculation of scoring patterns; prediction of amino acid digestibility by faecal and ileal methods; reduced bioavailability of lysine in processed proteins; truncation of the amino acid score and consequent PDCAAS value; protein digestibility as a first limiting factor in determining the overall available dietary nitrogen; and the calculation of amino acid score for a dietary protein mixture. These concerns were considered particularly important in relation to the regulatory aspects of protein quality of foods, and their resolution was urgently recommended through a new separate expert review.
The only true measurement of protein quality for human use is growth and/or metabolic balance evaluation carried out in suitable subjects of the target population. Recognising that such studies cannot be carried out on a routine basis for reasons of both cost and ethics, it is essential to develop in vitro or animal assays that correlate well with data from human experiments undertaken for each food product. To ensure accuracy and wide applicability, the routine methods must measure all the basic parameters that determine the quality of a protein, including quantities of dietary indispensable amino acids (IAA), digestibility of protein, and bioavailability of amino acids (1) .
Major reviews and evaluations of protein quality assessment methods including those based on rat growth and nitrogen balance as well as amino acid scoring techniques were carried out at the Airlee Conference in 1981 sponsored by Howard University, USDA and US National Science Foundation (2) ; Codex Committee on Vegetable Proteins (1982 -1989 ) (3) , FAO/WHO (1989 , 2001 ) (4, 5) and WHO/FAO/UNU (2002) (6) .
The criteria and significance of dietary protein sources in humans were also discussed at an international symposium held in San Francisco in 1999 (7) . The purpose of this manuscript is to summarize these international developments on the protein quality evaluation of foods and diets.
Routine protein quality assessment methods based on rat growth and nitrogen balance
The protein efficiency ratio (PER) was the first method adopted for routine evaluation of the protein quality of foods. The PER is a standardized method (8) that involves feeding of a test protein diet and a casein control diet (both containing 10 % protein, N £ 6·25) to weanling rats for a period of four weeks, and the PER values are calculated by dividing the weight gain by the amount of protein consumed. To compare PER values of diets determined in different laboratories, the PER values are adjusted to an assumed value of 2·5 for a casein control. For several decades, it has been generally recognized that the PER method, although it is simple, does not meet any other criteria of a valid bioassay such as precision, reproducibility, proportionality to protein quality and low cost (9) . The failure of the PER assay to properly credit protein used for maintenance purposes is the main criticism of the method.
The poorer the quality of dietary protein, the larger is the error that is introduced because of this failure to make allowance for maintenance. For this reason, PER values are not proportional to protein quality. The lack of proportionality makes the PER method unsuitable for use in protein rating systems that are based on both the "quality" (PER) and "quantity" of protein.
Use of such a rating system (protein rating ¼ grams protein in a Reasonable Daily Intake X PER) which is the official method of regulating protein claims of foods sold in Canada (10) , assumes that PER values are proportional, (i.e. a PER of 2·0 is twice as good as a PER of 1·0). This assumption is not correct. A multi-dose slope ratio growth assay utilising a reference protein for assessing protein quality of foods was introduced (11) . There were two versions of the slope ratio assay, the relative nutritive value (RNV) and the relative protein value (RPV). The RNV method includes the measurement of the slope of the linear portion of the line relating growth response to nitrogen intakes of rats fed zero and three or more levels of dietary protein, expressed on a scale relative to a value of 1 or 100 for a standard protein. The RPV method is the same as the RNV method except that data for the non-protein group are omitted when the slope of the response is calculated. The RPV modification of the slope ratio assay appeared to overcome the problem (excessive downward curvature) found with the RNV procedure when proteins severely limiting in lysine were assayed. However, the RPV method was reported to yield erroneously high values for some proteins due to parallelism, i.e., lines having similar slope but different intercepts on the weight gain axis (11) . Parallelism is frequently encountered with mixtures of proteins limiting in threonine or co-limiting in lysine and threonine. The RNV method is superior to the RPV method in terms of agreement with amino acid scores, and is probably the best assay for predicting protein quality by rat growth (12) . Net protein ratio (NPR) which is a two-dose assay (i.e., the test protein and a zero protein level) gives the same result as a valid slope ratio method (9) . The NPR method overcomes the major weakness in the PER assay by adding the weight loss of rats fed a non-protein diet to the weight gain of rats fed the test protein (13) . However, the assumption must be made that the protein required to prevent weight loss of rats fed the non-protein diet is equivalent to the protein needed for maintenance. As normally carried out NPR values are uncorrected. However, the scale for relative NPR, RNPR (NPR of test protein expressed relative to a value of 100 for NPR of reference protein) is 1 to 100 as it is for biological value (BV ¼ the proportion of absorbed nitrogen that is retained for maintenance and/or growth) and net protein utilization (NPU ¼ the proportion of nitrogen intake that is retained, i.e., the product of BV and protein digestibility) (9) . The RNPR method, which is a modified NPU method (based on body weight), provides similar results to the RNV method (12) . The RNPR method is more economical and does not require complex statistical analysis of the data as is necessary for the multi-dose assays such as RPV and RNV. The RNPR method (two weeks) is shorter than the standard PER method (four weeks) and therefore is less expensive, and RNPR values (unlike PER values) are proportional to each other in protein quality within reasonable limits. Several collaborative studies (14 -16) have demonstrated that RNPR is more accurate and reproducible than PER and the adoption by AOAC of the NPR method (expressed as RNPR) as official first action as an alternative to the PER method was recommended (16) . In the standard PER and NPR methods, foods are tested at 10 % dietary protein, and unsupplemented casein is used as the reference protein. However, diets containing 8 -10 % protein from unsupplemented casein do not meet rat growth requirements for sulphur amino acids (17) . Therefore, methionine supplemented casein was used as the reference protein in the determination of RNPR. The RNPR method includes the use of an 8 % protein level because high quality proteins such as egg and casein (normally used as reference proteins) show peak PER or NPR values at about 8 % compared to dietary protein levels of 10, 12 or 16 % (15) . Similarly, the BV and NPU values for egg and casein were higher at 8 % than at 12, 16, or 20 % dietary protein (18) . The nitrogen utilization (NU) method (19) is a modification of NPR, the factor of maintenance being calculated instead of measured (NU ¼ body weight gain of test group þ 0·1 (initial þ final body weight)/nitrogen consumed by test group). In a collaborative study (20) , RNU (NU of test protein/ NU of reference protein £ 100) gave essentially the same values as RNPR for lactalbumin, RNPR of 87 vs. RNU of 87; for egg white, RNPR of 97 vs. RNU of 97; for wheat gluten, RNPR of 32 vs. RNU of 31; and for wheat gluten þ SPI, RNPR of 64 vs. RNU of 64. Similarly, a comparison of RNPR and RNU values for 16 protein products showed a strong correlation between RNPR and RNU (r ¼ 0·98) (19) . The RNU method eliminates the feeding of a "zero" protein diet to a group of rats; thus, less labour is required for the RNU procedure compared to the RNPR procedure.
It is well known that the requirements of rats for sulphur amino acids are much higher than those of humans and that any rat growth assay (especially those that do not credit protein used for maintenance such as PER) will underestimate the protein quality for humans of any protein product limiting in sulphur amino acids such as soyabean protein products, peanuts, and grain legumes or pulses, i.e., peas, beans, and lentils. Modifications to correct for the higher essential amino acid requirements of rats compared with humans have been suggested for accurate prediction of protein quality for humans using rat bioassays (21) . In comparing IAA requirements of rats and humans, the rat requirement for sulphur amino acids was about 50 % higher than that of humans, whereas the differences between the requirements for other IAA were relatively small (22) . Based on these comparisons, a factor of 1·5 was selected to correct the RNPR values (casein þ methionine ¼ 100) of protein products limiting in sulphur amino acids for rat growth. The resultant data were called corrected RNPR (CRNPR) values (22) . The high CRNPR values (up to 97 %) for the soyabean protein products and their mixtures with beef (100 %) were in close agreement with protein quality data for these products reported in experiments with humans (23) . The use of the correction factor would be appropriate in predicting protein quality for adults and children but not for infants because of higher IAA requirements compared to adults and children (24) . Unlike other rat growth methods for evaluating protein quality, the CRNPR method would not discriminate against proteins deficient in sulphur amino acids. However, the CRNPR method has been criticized for using a constant factor of 1·5 regardless of degree of deficiency of the sulphur amino acids (3) . It was suggested that the correction factor should be (in part) based on the total sulphur amino acid content of the test protein product. According to this suggestion, the CRNPR method would not be very efficient, because its calculation would also require determination of total sulphur amino acids.
Major scientific reviews of protein quality evaluation methodology Airlee conference (1981)
A major review and evaluation of protein quality methods were undertaken at the Airlee Conference (2) in 1981, organized by Howard University and USDA (United States Department of Agriculture) and financed by the National Science Foundation, Washington, D.C. It was generally agreed at this conference that the PER method should be replaced by a more precise and appropriate method. Although the RNPR method was considered to be an improvement over the PER method, a method based on comparison of amino acid content of food with human amino acid requirements (amino acid scoring system) was considered to be the most suitable approach for assessing protein quality of foods (1) . It was also recommended that amino acid score should be corrected for incomplete digestibility of protein, and for unavailability of individual amino acids, especially those that are susceptible to damage by processing treatments. This conference recognized the need for further research to standardize amino acid analysis methodology, to improve methods for the determination of digestibility of protein and the bioavailability of amino acids, and to further investigate human amino acid requirements for developing an accurate amino acid scoring pattern (2) .
Deliberations of the Codex Committee on Vegetable
Proteins regarding protein quality assessment (1982 -1989) The recommendations of the Airlee Conference were taken up by the Codex Committee on Vegetable Proteins (CCVP) (3) , which was established to develop international Codex standards (including protein quality requirements) for vegetable protein products. An Ad Hoc Working Group on Protein Quality Measurement was formed to conduct cooperative research to identify the most promising methods for evaluation of protein quality of foods. In collaborative studies organized by USDA (25) , seventeen protein products were studied for amino acid profiles, for protein and amino acid digestibility (by in vitro and rat balance methods), amino acid availability (by chemical methods and rat, Escherichia coli, and Streptococcus zymogenes growth methods), and for protein quality indices based on PER, NPR, RNPR, NPU, and BV. Interlaboratory studies on protein digestibility determinations were also organized by the USDA to test the appropriateness of the in vitro methods (26) , and to standardize the rat balance method (27) . Results of these and other related studies were discussed at the Fifth Session of CCVP (3) held in 1989 in Ottawa, Canada.
Based on the recommendations of the Ad Hoc Woking Group on Protein Quality Measurement, the CCVP at its Fifth Session agreed that amino acid score, corrected for true digestibility of protein (as determined by the rat balance method) was the most suitable method for the routine assessment of protein quality of vegetable protein products and other food products (3) . Amino acid score was based on the amount of the first limiting amino acid, and its calculation included the use of the requirement pattern suggested by the FAO/WHO/UNU (24) for the preschool child. Because the protein quality methodology had broad implications beyond the purview of the CCVP, the CCVP recognized the need for the wider scientific community to address issues such as amino acid methodology, protein digestibility, amino acid bioavailability, and correlations in humans. The CCVP accordingly recommended at its Fifth Session in 1989 that an FAO/WHO expert consultation should be held to review the protein quality methodology. Such a consultation was requested to review the results and recommendations of the research conducted by the Codex Ad Hoc Working Group on Protein Quality Measurement, and to evaluate the protein digestibility-corrected amino acid score method for its usefulness in assessing protein quality in human nutrition.
Joint FAO/WHO Expert Consultation on Protein Quality Evaluation (1989)
A Joint FAO/WHO Expert Consultation on Protein Quality Evaluation was held in Bethesda, MD from December 4 to 8, 1989 . The objectives of the meeting were: to review present knowledge of protein quality assessment, to discuss various techniques used in assessing protein quality of foods, and to specifically evaluate amino acid score corrected for protein digestibility, the method recommended by CCVP. The report of the Joint FAO/WHO Expert Consultation (4) was published in 1991. The Consultation concluded that PDCAAS was the most suitable regulatory method for assessing protein quality of foods and infant formulas. It was further concluded that since this method is based on human amino acid requirements, it is inherently more appropriate than animal assays employed for predicting protein quality of foods. Therefore the Consultation recommended that PDCAAS be adopted as the preferred method of measuring quality in reference to human nutrition. Other conclusions and recommendations of the Consultation are noted below (4) :
Amino acid analysis of foods
(1) The Consultation recognized that significant advancements had been made in standardizing amino acid methodology for the determination of amino acids in a variety of foods. (2) It noted that methods for the determination of amino acids in foods required three standardized hydrolyses including, acid hydrolysis of unoxidized protein for the determination of all amino acids except tryptophan, methionine and cystine; acid hydrolysis of oxidized protein for the determination of methionine and cystine; and alkaline hydrolysis of unoxidised protein for tryptophan (8) , followed by separation and quantitation of the released amino acids by IEC using cation exchange resins and postcolumn derivatization (by a commercial amino acid analyzer or HPLC system) or by precolumn derivatization followed by reversed phase HPLC. (3) The standardized amino acid analysis methods can provide data with a repeatability within laboratory of about 5 % and reproducibility between laboratories of about 10 % for most amino acids. This variability was considered acceptable for the purposing of calculating amino acid score. (4) The need for further studies to standardise the hydrolytic and oxidation procedures and to improve accuracy of the procedures for further reduction in inter-laboratory variation was noted. (5) The collaborative testing of the new HPLC methods was recommended. (6) It was recommended that amino acid results should be reported as mg amino acid/g N or mg amino acid/g protein by using the nitrogen-to-protein conversion factor of 6·25. The uses of other food specific protein factors were not recommended. 
Amino acid requirements and scoring pattern
(1) The Consultation recognized that the amino acid scoring pattern proposed in 1985 by FAO/WHO/UNU (24) for children of preschool age was the most suitable pattern for use in the evaluation of dietary protein quality for all age groups, except infants. (2) It noted that the amino acid profile of human milk should be the basis for the scoring pattern to assess protein quality in foods for infants less than 1 year of age. (3) It also noted that the recommendation for the two amino acid scoring patterns to be used for infants and for all other ages must be considered as temporary until the results of further research either confirm their adequacy or demand a revision. (4) It was recommended that further research must be carried out to confirm the currently accepted values of protein and amino acid requirements of infants and preschool children and to define the amino acid requirements of school-aged or adolescent children and of adults; and that F AO/WHO coordinate international research programmes to determine human amino acid needs.
Digestibility considerations
(1) The Consultation noted the similarity in the ability of humans and rats to digest foods, and concluded that the true digestibility of crude protein is a reasonable approximation of the true digestibility of most amino acids (as determined by the rat balance method) in diets based on animal protein sources, cereals, oilseeds, legumes or mixture of protein sources. Therefore, it was recommended that amino acid scores be corrected only for the true digestibility of protein. (2) The Consultation agreed that the rat balance method is the most suitable practical method for predicting protein digestibility by humans. (3) It further recommended that research should be undertaken to compare protein digestibility values of humans and rats from identical foods. (4) It recommended that further research be carried out to perfect and evaluate the most promising in vitro procedures for estimating protein digestibility; and when human balance studies cannot be used, the standardized rat faecal-balance method of Eggum (28) or McDonough et al. (27) should be used. (5) Digestibility determinations must be carried out for novel products or processes. However, established protein digestibility values of well-defined foods may be taken from a published data base for use in routine assessment of protein quality of foods by the amino acid scoring procedure, provided that all safety and toxicological criteria have been met. Moreover, a data base for protein digestibility of raw and processed products should be established. (6) Further research was encouraged to perfect and evaluate the most promising in vitro methods for predicting protein digestibility such as those of Satterlee et al. (29) and Pederson and Eggum (30) . (7) It was recognized that amino acid digestibility values obtained by the faecal method, are, for most amino acids in most food products, higher than those obtained by the ileal analysis method. In some studies, net synthesis of methionine and lysine has been reported to occur in the large intestine. Thus, depending on the amino acid and on the food, the amino acid digestibility values obtained by the faecal analysis method are overestimated (which is usually the case) or underestimated when compared to those obtained by the ileal analysis method. While it was recognised that faecal true digestibility of protein and amino acids has shortcomings, this method was considered still to be superior to the ileal analysis method. This is because of uncertainties in the contribution and variation of endogenous secretions at the terminal ileum.
Overall recommendation of FAO/WHO 1991 Expert Consultation
Based on the above conclusions, the Consultation agreed that the protein digestibility-corrected amino acid score method was the most suitable approach for routine evaluation of protein quality for humans and recommended the adoption of this method as an official method at the international level.
Amino acid composition of human milk
Use of the amino acid composition of human milk as the reference in calculating amino acid scores (as a predictor of protein quality) of infant formulas was recommended by FAO/WHO (4) . Similarly, the European Commission (EC) (31) directive for composition of infant formulas includes a protein quality requirement based on amino acid or chemical score with human milk as the reference. In calculating amino acid scores, the two groups have, however, suggested use of different values for several IAA in human milk. According to EC (31) , human milk contains 31 % lower concentrations of methionine þ cyst(e)ine (29 mg/g protein) than those (42 mg/g protein) reported by FAO/WHO/UNU (24) and subsequently endorsed by FAO/WHO (4) . To resolve these differences in the estimated amino acid composition of human milk specified by the two groups, literature reports using accurate and standardised methodologies have been reviewed (Table 1) . Based on the average of the 12 studies noted in Table 1 (4) and EC (31) revealed that the literature reports would support the use of the FAO/WHO (4) values for predicting the protein quality of infant formulas ( Table 2 ). It would also suggest revision of the values for the total sulphur amino acids, valine, phenylalanine þ tyrosine, isoleucine, leucine, and threonine, as recommended by EC (31) for routine protein quality assessment.
The use of combined sulphur amino acid (cysteine þ methionine) and aromatic amino acid (phenylalanine þ tyrosine) content remains the recommended approach for computing amino acid scores of infant formulas by FAO/WHO (4) , EC (31) and LSRO (42) . A review of the literature of the amino acid composition of human milk would, however, suggest the need to include a desirable cysteine/ methionine ratio in the scoring pattern. Results of the twelve studies reported in Table 1 would indicate that the most suitable cysteine/methionine ratio (molar basis) may be about 2·0. The LSRO (40) report also advised that instead of only one amino acid theoretically supplying the total combined amount, the ratio of the relevant amino acids should be within the range 1:2 to 2:1 based on approximate unit ratios in human milk, and should be used until adequacy of other ratios is tested.
The gross amino acid profile of human milk is used as a standard for determining the amino acid requirements of the infant. This is based on the assumption that the amino acids in human milk are completely absorbed by the infant (24) . Since significant amounts of intact immune proteins have been found in the faeces of breast-fed infants, it has been suggested that several of the proteins in human milk resist digestion (43) . The digestible protein in human milk could be determined by including a correction for the faecal immune proteins (44) . The faecal method for determining amino acid digestibility, however, leads to overestimation of digestible amino acids, because of a significant microbial breakdown of protein in the large intestine (45) . The true ileal digestibility of amino acids in human milk in the piglet model which would appear to be a suitable animal model for studying aspects of protein digestion in human infants have been determined (33) . The true digestibility of amino acids in human milk ranged from 81-101 % with threonine (86 %) being the least digestible IAA. These amino acid digestibility data were used in correcting the average gross amino acid composition of human milk in Table 2 . The differences between the corrected amino acid composition of human milk based on the 12 published studies and of that specified by FAO/WHO (4) were very small (less than 10 % in the case of histidine, leucine, lysine, methionine þ cystine, threonine and valine. The values recommended by FAO/WHO (4) were 22, 21 and 12 % lower compared to those based on the average of literature reports for isoleucine, phenylalanine þ tyrosine and tryptophan, respectively. Taking into account the interlaboratory variability of about 10 % in amino acid determination, the real differences between the literature reports and FAO/WHO (4) data for amino acid composition of human milk may be small.
San Francisco conference on protein quality measurement (1999)
The criteria and significance of dietary protein sources were addressed at an international symposium held in San Francisco, CA on October 4, 1999, and the following recommendations were considered appropriate (7) :
(1) The FAO/WHO/UNU 1985 amino acid scoring pattern (24) for the adult significantly underestimates the indispensable amino acid (IAA) requirements. This was also the conclusion of the FAO/WHO (4) report that proposed, as an interim procedure, the use of the FAO/WHO/UNU (24) amino acid requirement pattern for preschool children to score dietary proteins for all age groups except infants. Research conducted since that time has continued to support the general validity of this proposal. Therefore, it was recommended that a new United Nations consultation be convened to review and establish an updated international scoring pattern for protein quality evaluation. (2) The PDCAAS procedure appears to be generally accepted as a routine method for protein quality assessment. However, it is time to revisit and evaluate this method in more detail. Major points that require attention include the measurements of digestibility of protein, appropriateness of the truncation of the score of high quality proteins downward (from .100 to 100), and the inclusion in a scoring index of a value that indicates the capacity of individual protein sources to complement protein sources that are deficient in specific IAA. The use of ileal rather than faecal digestibility as a basis for the scoring procedure as well as determining whether protein digestibility represents a valid indicator of the bioavailability of the limiting amino acid (s) must be addressed. (3) The PDCAAS should be further validated and tested as a routine procedure through a comparison with other approaches, including in vivo studies of dietary protein utilization in humans. The deposition of nitrogen during the prandial phase appears to be a critical factor in determining food protein quality, and this might be used to help discriminate significant differences among dietary proteins.
FAO/WHO Working Group on analytical issues regarding protein, protein quality and food labelling (2001)
Since its adoption by FAO/WHO (4) in 1991, the PDCAAS method has been widely accepted. However, the method has been criticised for a number of reasons. In 2001, the FAO/WHO Working Group (6) on "Analytical Issues Related to Food Energy & Protein, Protein Quality & Food Labelling" assessed the validity of criticisms of PDCAAS since its use for the past ten years. These criticisms of the PDCAAS method included the following:
The PDCAAS method does not credit extra nutritional value of high quality proteins:
Since scores . 100 are considered to be 100, the PDCAAS method does not credit the extra nutritional value of a protein having a score higher than that of the reference protein such as egg, fish, milk and most meat protein products. This point was not adequately discussed at the FAO/WHO (4) Expert Consultation in 1991. The PER and PDCAAS values of a number of selected animal food products are compared in Table 3 . As can be noted in this comparison, the PER method does give credit to the extra nutritional value high quality animal proteins by giving them a value higher than 2·5. The PDCAAS method, however, fails to recognize the additional value of high quality animal protein products. For example, comparison of the nontruncated PDCAAS values of the food protein sources have been reported to be: milk . soya . pea . wheat with values of 120 (sulphur amino acids), 99 (sulphur amino acids), 73 (sulphur amino acids) and 36 (lysine), respectively (7) . For comparison, measurements of the efficiency of postprandial nitrogen retention for these foods in humans were in this exact order (49) . Therefore, there is a need to revise the calculation of PDCAAS to permit values . 100 for high quality proteins, especially if they are intended to be used as supplements to other low quality proteins. However, this revision may not be required to calculate the PDCAAS for protein mixtures, where the supplemental excess of amino acids is included in the calculation. Moreover, this revision would be of no practical consequence for sole source foods. Protein quality assessment should ideally take into account the ability of the protein to satisfy nitrogen and amino acid requirements when fed as the sole or principal source of protein and the capacity of the protein source to complement another protein source deficient in one or more individual amino acids (7) . Milk or meat proteins can fully satisfy all IAA requirements even when fed as the sole source at a level of 0·7/kg/d. In this case, the amino acid score would be 100. Moreover, milk or most other animal proteins serve as a rich source of lysine, threonine and the sulphur amino acids. Therefore, these protein sources would be complementary for lysine-, methionine þ cystine-or threonine-deficient protein sources. It may be appropriate to identify the score for milk proteins as 128, 123 or 120 for lysine, threonine and methionine þ cystine, respectively (7) .
The PDCAAS method overestimates protein quality of products containing antinutritional factors
It has been suggested that PDCAAS may be inappropriate for predicting the protein quality of sources containing naturally occurring growth-depressing factors or antinutritional factors formed during processing (46,47,50 -52) . A comparison of the PDCAAS based on rat amino acid requirements and the RPER or RNPR indicated that the scoring method clearly overestimated protein quality of those products which contained antinutritional factors such as mustard flour (PDCAAS of 84 % vs. RPER or RNPR of 0), raw black beans (PDCAAS of 45 % vs. RPER or RNPR of 0), alkaline-treated lactalbumin (PDCAAS of 55 % vs. RPER or RNPR of 0), alkaline-treated SPI (PDCAAS of 44 % vs. RPER or RNPR of 0) and overheated skim milk powder (PDCAAS of 29 % vs. RPER/RNPR of 0-5 %) ( Table 4 ). The overestimation of the protein quality of these protein sources by the PDCAAS method was even more marked when the score was calculated based on human amino acid requirements ( Table 4) . Some of these protein products contain naturally occurring growth-depressing factors such as glucosinolates and isothiocyanates (breakdown products of glucosinolates) in mustard flour (47) and trypsin inhibitors and hemagglutinins in raw black beans and raw SBM (50) .
Some other protein products contain antinutritional factors formed during alkaline and/or heat treatments such as lysinoalanine (LAL) in alkaline/heat-treated lactalbumin and SPI (51, 53) , and Maillard reaction compounds in overheated skim milk powder (52) .
The PDCAAS method does not take into account bioavailability of amino acids
In reviewing digestibility data, the FAO/WHO (4) 1991 report revealed that differences between the digestibility of protein and most of the IAA in animal protein sources, and lowfibre cereals and oilseeds were less than 10 %. However, the digestibility of protein was not a good predictor of the bioavailability of limiting amino acids in grain legumes. In beans, peas, and lentils, values for the digestibility of methionine, cystine and tryptophan were as much as 43, 44 and 35 % lower than those of protein, respectively (54) . The large differences between the digestibility of protein and limiting amino acids such as methionine, cystine and tryptophan in beans, peas and lentils would suggest that PDCAAS would overestimate the protein nutritional quality of grain legumes, and in these cases, amino acid score would have to be corrected for the bioavailability of the limiting IAA.
The PDCAAS method overestimates the quality of poorly digestible proteins supplemented with limiting amino acids, and of proteins co-limiting in more than one amino acid
The PDCAAS method assumes complete biological efficiency of supplemental amino acids in improving protein quality which may not be true, especially in the case of low quality proteins (46, 55) . The PDCAAS and RNPR values for zein (a protein of low digestibility and poor quality) were 9 and 
Egg white solids 3·0 100 Sarwar et al.
Lactalbumin 2·8 100 Sarwar (46) Skim milk powder 2·8 100 Mitchell et al.
Milk protein isolate 2·8 100 Fenwick et al.
Minced beef 2·7 100 Sarwar et al.
Beef Salami 2·6 100 Mitchell et al.
Tuna 2·6 100 Mitchell et al. (48) 11 %, respectively. When the zein diet was supplemented with lysine, tryptophan and methionine, the PDCAAS and RNPR values were 81 and 30 %, respectively (46) . A marked difference between the PDCAAS and RPER or RNPR of amino acidsupplemented zein (Table 4) would suggest incomplete biological efficiency of the supplemental amino acids. The poor biological response to amino acid supplemented zein may have been due to the poor bioavailability of IAA other than those supplemented which may not be 100 %. The PDCAAS method would also be inaccurate for predicting the quality of proteins co-limiting in more than one essential amino acid such as those in soya-based infant formulas (Table 5) . A comparison of IAA compositions of four soyabased infant formulas with that of human milk (FAO/WHO (4) ) indicated that the formulas (supplemented with methionine) were still lower in sulphur amino acids than human milk. The soya-based formulas were also marginally deficient in tryptophan, threonine, lysine, leucine and valine when compared to human milk. Since the identification of the true first limiting amino acid would be difficult in such cases, an improvement in protein quality with supplementary amino acids (s) should not be assumed without biological testing. In such cases, the assumed efficiency of supplementary amino acid (s) must be confirmed biologically (Tables 5 and 6 ).
We have determined PDCAAS values of commercial soyabased infant formulas sold in Canada (56) . All the soya-based infant formulas had been supplemented with methionine. The PDCAAS values (using the FAO/WHO (4) scoring pattern for human milk) of the soya-based formulas ranged from 56-76 %. In practice, the lower protein quality of infant formulas is compensated for by the higher level of total protein (g/100 kcal) in soya-based infant formulas compared to human milk (2·65-3·68 vs. 1·5). Thus, no evidence of amino acid deficiency is observed in clinical studies. After addressing the above-noted criticisms of the PDCAAS method, the FAO/WHO (5) Working Group made the following recommendations:
(1) Two distinct uses of protein quality data, including assessment of human protein and amino acid requirements; and of protein adequacy of foods and food products sold to consumers for regulatory purposes, should be recognized; (46) . † Alkaline/heat processing treatment. ‡ Lysine þ methionine þ threonine þ tryptophan. Table 5 . Dietary indispensable amino acids in four commercial soya-based infant formulas sold in Canada (expressed as a proportion of the respective amino acids in the FAO/WHO (4) human milk reference amino acid pattern)* Amino acid (%) Formula-A Formula-B Formula-C Formula- D   Histidine  106  89  98  92  Isoleucine  104  100  102  98  Leucine  87  85  87  82  Lysine  84  87  85  81  Methionine þ cystine  70  71  79  83  Phenylalanine þ tyrosine  127  120  125  124  Threonine  85  84  87  90  Tryptophan  78  72  70  87  Valine  88  85  86  85 (2) Amino acids should be treated as individual nutrients, and the ultimate evaluation of the nutritional value of protein foods should be made from amino acid data in comparison to the requirements. This would require the use of adjustments for the digestibility of protein and/or amino acids, and their availability; (3) There are sufficient data on the digestibility of protein in foods and these should be compiled. However, there are insufficient information on the bioavailability (digestibility) of amino acids. Until sufficient data on digestible amino acids in foods become available, inclusion of correction for protein digestibility would serve a useful nutritional purpose in predicting information on the levels of digestible amino acids. This would indicate the capacity of individual protein sources to complement protein sources that are deficient in specific IAA; (4) Until data on digestible amino acids in foods become available, digestibility of protein should be considered as a good approximation of the bioavailability of amino acids in mixed human diets based on properly processed (containing minimal amounts of residual antinutritional factors) and highly digestible proteins. In such cases, the PDCAAS method should be the preferred method for routine prediction of protein quality; (5) The PDCAAS method may be inappropriate for the routine prediction of protein quality of sole source foods such as infant formulas and enteral nutritionals and novel protein sources which contain high levels of known antinutritional factors, both occurring naturally or those formed during processing. Since high levels of antinutritional factors may adversely impact on digestibility of amino acids and utilisation of protein, the use of the PDCAAS method would overestimate protein quality of products containing these factors. There is a need to establish upper safe limits of antinutritional factors; (6) For regulatory uses, the PDCAAS method is also inappropriate for prediction of protein quality of high quality proteins because it fails to recognize their nutritional value as supplements to other low quality proteins, Therefore, the PDCAAS method should be revised to permit values of more than 100 for high quality proteins; (7) To improve accuracy and to further reduce interlaboratory variation in amino acid analysis, additional studies should be undertaken to standardize the hydrolytic and oxidation procedures. Collaborative studies should be undertaken of the extensively used HPLC methods for the determination of amino acids such as the precolumn derivatization with PITC (phenylisothiocyanate). Moreover, an official standardised method for the determination of amino acids in foods and faeces and digesta should be developed; (8) Research should be undertaken to compare ileal amino acid digestibility values of humans and animal models from identical foods. In addition, standardised ileal digestibility procedures should be developed and sufficient data on foods should be generated to facilitate replacement of the faecal method by the ileal method; (9) The 1970 FAO Publication, "Amino Acid Contents of Foods and Biological Data on Proteins" should be revised with new data and additional information on nitrogen-to-protein conversion factors and amino acid digestibility values where applicable; (10) The above-noted recommendations for revision, further compilation of data and further research would improve the usefulness of the PDCAAS method and/or suggest new suitable in vitro or biological assays for the routine prediction of protein quality of foods which would be applicable to the entire range of foods used in human nutrition.
Overall recommendation
In view of the shortcomings of the PDCAAS method as noted above, it has been recommended that a new FAO/WHO expert consultation on protein quality evaluation be convened to re-examine the validity of the PDCAAS method for the routine protein quality assessment of foods, and to suggest appropriate revisions and/or adoption of a biological assay which would be applicable to the entire range of foods used in human diets. In addition to the above recommendations, the FAO/ WHO (5) Working Group also addressed the following issues:
Nitrogen-to-protein conversion factors
The quantification of total protein content is a common laboratory procedure, and its accuracy is essential for many food and feed applications including protein (N) requirements, protein quality assessment by the PDCAAS method and other assays, nutritional labelling and international trade for protein products. The Kjeldahl method for determination of organic N is a widely accepted procedure. However, the selection of the appropriate nitrogen-to-protein conversion factor (N: P factor) for calculating the total protein content has been a matter of controversy, and practices are not consistent among laboratories. Since most animal proteins contain 16 % N, an N: P factor of 6·25 is commonly used to give a reasonable estimate of protein content. Some proteins contain a higher or lower percentage of N and some foods also contain non-protein N. The N content of a range of proteins has been measured and conversion factors derived for many food proteins (57) . The factors for wheat, wheat flour or pasta; wheat bran; rice; rye, barley or oats; groundnuts; soyabeans, soyabean flour or products; sesame, sunflower or safflower seeds were 5·30-5·83, while that for milk or cheese was 6·38. The use of specific N: P factors would allow a more precise comparison of the amino acid composition of foods. Similarly, an N: P Conversion factor Committee of the AOAC reaffirmed the continued use of a set of factors compiled by USDA (58) as reprinted in Method 14·068 in AOAC (59) . In proteins, amino acids are linked by peptide bonds. The elements of water are added to each molecule during hydrolysis, so that the recovery of amino acids should be greater than 100 %. To get a true picture of the relationship of N to amino acids, the amino acid values from hydrolysates must be corrected to the original residue form in which they exist in proteins. Therefore, the N: P factors derived from the ratios of total amino acid residues (sum of molecular weight of each amino acid less the molecular weight of H 2 O) to amino acid N (AAN) in a protein should provide the most reliable conversion factors (60) . The quantitative amino acid compositions and true N: P factors for 23 animal and plant foods were determined (61) . The N: P factors ranged from 6·02 to 6·15 for dairy products, from 5·61 to 5·93 for egg, meat, fish and cereal products and from 5·14 to 6·26 for legume, root, tuber, vegetable, fruit, and microbial foods. The average N: P factor for the 23 foods was 5·68^0·30, and a common N: P factor of 5·70 was recommended for use in all mixed or blended foods or diets where accurate protein values are required for nutrition applications (61) .
After discussing the possible disbandment of a common factor of 6·25 in favour of the use of accurate nitrogen-toprotein conversion factors for various foods, the FAO/ WHO (5) Working Group pointed out that this aspect seemed more important for regulatory and labelling issues, while not so relevant for determining overall requirements when related to mixed diets. When dealing with mixed diets, a factor of 6·25 seems valid. When dealing with sole source foods such as infant formulas, more precision may be required.
Global adaptability of the PDCAAS method
The initial cost incurred when setting up the technology to determine PDCAAS in developing countries may be high. But once this is done, the PDCAAS method is rapid and the supplies are relatively available and inexpensive provided established digestibility values of well defined foods may be taken from published data for use in the amino acid scoring procedure, assuming all safety and toxicological criteria have been met. If a biological assay is required to determine the protein digestibility of a novel product or process, then the PDCAAS method may be more costly than PER.
Special digestibility considerations for heat-treated or stored products
It has been recognized that conventional true ileal amino acid digestibility values do not provide accurate results for some amino acids such as lysine in foods that have undergone heat processing or prolonged storage (62, 63) . During processing or prolonged storage, the 1-amino group of lysine can react with other compounds (i.e., Maillard type reactions) to render the amino acid nutritionally unavailable. Some of these reacted lysine derivatives are acid labile and therefore can revert back to lysine, during the acid hydrolysis step used in conventional amino acid analysis, leading to an overestimation of the lysine content and digestible lysine; as the digestibility of lysine might be underestimated using the conventional true ileal digestibility assays (61) . This assay must be modified to account for damage to heat-sensitive amino acids. In such cases, other methods such as the true ileal reactive lysine digestibility assay (63) are required to give accurate results.
WHO/FAO/UNU Expert Consultation on Protein and Amino Acid Requirements in Human Nutrition (2002)
To build on the work of several earlier consultations and meetings, the Joint WHO/FAO/UNU Expert Consultation on Protein and Amino Acid Requirements was held at WHO headquarters from April 9 to 16, 2002 . The primary objectives of this Consultation were: "to review, advise and update protein and amino acid requirements for all age groups (infants, children, adolescents, adults, elderly), and for women during pregnancy and lactation; to review and develop recommendations on protein requirements in health and disease, including their implications for developing countries; to develop recommendations on protein quality and labelling, with respect to new requirement levels, for use worldwide and in the Codex Alimentarius". The report of the Consultation was published in 2007 (6) .
After discussing the recommendations of the FAO/WHO 2001 Working Group (5) , the WHO/FAO/UNU (6) Expert Consultation endorsed the PDCAAS method with minor modifications to the calculation method but also raised the following concerns about the method: In previous reports, scoring patterns were calculated by dividing amino acid requirement values by the safe level of protein intake. However, scoring patterns that have been suggested since have been based on amino acid requirement values, which generally reflect best estimates of average requirements. This approach is supported by the values derived by Hegsted (64) from his regression analysis of nitrogen balance data. Therefore, in the 2007 WHO/FAO/UNU (6) report, scoring patterns were based on amino acid requirement values divided by the mean protein requirement.
New scoring patterns were proposed for four age groups including infants, preschool children (1-2 y), older children and adolescents (4-18 y), and adults (.18 y).
A second concern related to correction for faecal as opposed to ileal protein digestibility in the calculation of PDCAAS. Based on literature reports (65, 66) about practically important ileo-faecal differences in monogastric animals like pigs and the general applicability of these observations to humans, it was recommended that while faecal digestibility is likely to remain the appropriate measure of overall nitrogen digestibility, it is unlikely to be a true measure of amino acid digestibility. It was further recommended that measurements at the ileal level would provide better measurements of amino acid digestibility and losses of both dietary and endogenous origin. Moreover, the recycling of intestinal nitrogen and bacterial amino acids to the body was identified as a complementary and unresolved issue. A third concern related to the reduced bioavailability of some amino acids, such as lysine, which have been chemically transformed during the processing of foods. It was noted that the correction for protein digestibility in the calculation of PDCAAS values may not account for this reduction in bioavailability. Therefore, the need to have a specific assay to measure accurate lysine digestibility in such cases was recognized. A specific assay (65) for "reactive" lysine, which should distinguish it from biologically unavailable lysine that has undergone Maillard reactions, was considered suitable in such cases.
A fourth important and controversial concern related to truncation of the amino acid score and consequent PDCAAS value. It was argued that truncation removes any differences between two proteins such as milk and soya, although actual concentrations of important IAA, which may be limiting in some diets, are higher in milk compared to soya. This could be recognized by giving individual protein sources an amino acid score of .1 or 100. In the FAO/WHO 1991 report (4) , truncation was not used for calculating amino acid scores but was applied to the calculation of PDCAAS value, and this created considerable confusion.
The PDCAAS value should predict the overall efficiency of protein utilization based on its two components, digestibility and biological value (BV; utilized nitrogen divided by digestible nitrogen). The principle behind this approach is that utilization of any protein will be first limited by digestibility, which determines the overall dietary amino acid nitrogen, and BV describes the competence of the absorbed amino acids to meet the metabolic demand. For any amount of absorbed nitrogen the best that can be achieved is that the amino acid pattern is an exact match of requirements, so that all amino acids are utilized. Therefore, BV can never exceed 1 or 100. Similarly, a PDCAAS value of .1 or 100 would never be used.
It was noted that while amino acid score is calculated only from the content of IAA, the metabolic demand is for both IAA and non-essential nitrogen. Therefore, when any or all dietary IAA are present in excess of the demand, the absorbed mixture is unbalanced and limited by dispensable amino acids. It is assumed that dispensable amino acids could be supplied from the surplus IAA. If such conversion occurs, then all of the absorbed nitrogen will be utilized in the same way as that of an absorbed mixture that exactly matches the demand. On this assumption, it may be concluded that there can be no benefit from an amino acid score .1 or 100 with the theoretical possibility of a disadvantage if inter-conversions of IAA to dispensable amino acids were not complete.
These arguments should be carefully considered for calculating amino acid scores and PDCAAS .1 or 100 for food protein sources and diets. The argument for having non-truncated values of the amino acid score for individual protein sources is based on the advantage of identifying proteins as rich sources of IAA that can be used to complement other sources that are deficient in IAA. The fact that this could only be done in relation to amino acid score was not made clear in the FAO/WHO 1991 report (4) which incorrectly listed several proteins with PDCAAS values greater than their digestibility when the amino acid score was .1 or 100. For example, the PDCAAS value for soyabean protein concentrate was listed as 0·99 (or 99 %) which was calculated from protein digestibility and amino acid score of 95 and 1·04 (or 104 %), respectively. This implies that its slight excess of IAA could compensate for the loss of 5 % of total nitrogen during digestion and absorption which is arguably not correct. On the basis that protein digestibility is first limiting, the PDCAAS value should be calculated from a truncated amino acid score, the PDCAAS value for soyabean protein concentrate would be 0·95 (or 95 %), the same as its protein digestibility.
The calculation of the amino acid score for a dietary protein mixture, especially when the digestibility of the individual proteins varies also needs clarification. In this case, amino acid score is calculated for the mixture from its overall amino acid profile without identifying the score of component proteins. Based on the principle that protein digestibility is first limiting, the amino acid score for a protein mixture should be calculated from the weighted average digestible amino acid content. This is in contrast to the FAO/WHO 1991 report (4) .
Conclusions of the WHO/FAO/UNU 2002 Expert Consultation regarding protein quality assessment
It was concluded that a complete listing of the digestibility and amino acid scores of food proteins based on updated data on amino acid composition, and on the new scoring pattern quoted in the FAO/WHO/UNU 2007 report (5) would be the subject of a new technical report. Meanwhile, the principles discussed in the 2007 report can be applied. Therefore, protein quality assessed in terms of a PDCAAS value is calculated from the best estimate of protein digestibility and the amino acid score based on a comparison of the amino acid composition of digestible protein with the scoring pattern appropriate for age, It is evident that when such PDCAAS values are used to adjust the intakes of the dietary mixture to meet the safe level, the score of the mixture should not be . 1 or 100. However, the case for giving non-truncated amino acid scores . 1 or 100 for individual protein sources will require further evaluation.
Since the FAO/WHO 1991 report (4) , significant advances have been made in methods for the amino acid analysis of foods and for determining amino acid digestibility. Moreover, the FAO (67) technical report recommends that protein should be measured as the sum of individual amino acid residues (the molecular weight of each amino acid less the molecular weight of water) plus free amino acids. Since there is no official AOAC (Association of Official Analytical Communities) International method for amino acid analysis of foods, collaborative research and scientific consensus would be required to achieve this objective.
Overall conclusions
Total protein in a food should be accurately measured as the sum of amino acid residues (sum of molecular weight of each amino acid less the molecular weight of H 2 O). This method would obviate the need of using nitrogen to protein conversion factors.
Three hydrolyses, including acid hydrolysis of unoxidized protein for the determination of all amino acids except tryptophan, methionine and cystine; acid hydrolysis of oxidized protein for the determination of methionine and cystine; and alkaline hydrolysis of unoxidised protein for tryptophan have been standardized. The separation and quantitation of the released amino acids by IEC (ion-exchange chromatography) using cation exchange resins and postcolumn derivatization by a commercial amino acid analyzer have also been standardized. The standardized amino acid analysis methods can provide data with between laboratories reproducibility of about 10 % for most amino acids. More recently, the HPLC method after precolumn derivatization with PITC (phenylisothiocyanate) has been extensively used for the determination of all amino acids in hydrolysates of a variety of foods and faeces with speed and accuracy. The HPLC results agree with those obtained by conventional IEC. There is, however, a need to standardize and measure the accuracy and precision of the PITC derivatization method for the quantitative determination of amino acids in protein hydrolysates in an interlaboratory study. Further collaborative research is required to develop an official AOAC International method for amino acid determination in foods and faeces/digesta.
There is strong evidence that faecal digestibility values do not accurately differentiate between dietary proteins due to the effects of microbial metabolism in the large intestine. Therefore, it is recommended that digesta collected at the end of the small intestine (the terminal ileum), be used for the determination of digestibility values. This will increase the accuracy and sensitivity of the assay. The pig may be a better animal model than the rat because the pig is a mealeating species and does not practice coprophagy as does the rat. Moreover, the gastrointestinal anatomy, physiology and metabolism of pigs are very similar to those of humans. A comparison of the true ileal digestibility of amino acids by the pig and human shows little difference which strongly supports the validity of using the pig as a model for the human in protein digestibility studies. However, standardization of the pig true ileal digestibility assay and sufficient data on amino acid digestibility in foods are required before the replacement of the rat faecal method by the pig ileal method can be implemented.
There are two distinct applications of the protein quality assessment methods including one for meeting human amino acid needs and the second for regulatory purposes to ensure protein adequacy of foods and food products sold to consumers.
The PDCAAS (protein digestibility-corrected amino acid score) method, as adopted by FAO/WHO (1991) remains the preferred method for routine prediction of protein quality of properly processed (containing minimal amounts of residual antinutritional factors) and highly digestible (where digestibility of protein is a good approximation of bioavailability of individual amino acids) food products for human nutrition. The following analytical revisions have been suggested to improve the accuracy and wider applicability of the PDCAAS method.
In evaluating protein quality of a food product, protein digestibility is the first limiting factor. Therefore, amino acid score should be calculated from the contents of digestible amino acids (i.e. the correction for protein digestibility should be applied before and not after calculating amino acid score).
Amino acid score for a dietary mixture, where the protein digestibility of individual components varies, should be calculated from the weighted average digestible amino acid content.
For regulatory purposes, the PDCAAS method (unlike biological assays such as PER) fails to recognize the additional value of high quality animal proteins. Therefore, there is a need to revise the calculation of PDCAAS to permit values . 1 or 100 for high quality proteins, especially if they are intended to be used as supplements to other low quality proteins. However, this revision would not be needed in calculating PDCAAS for protein mixtures, where the supplemental excess of amino acids is included in the calculation. Moreover, this revision would be of no practical utility in the case of sole source foods.
Literature reports using standardized methodology and corrected for true ileal amino acid digestibility would support the use of the FAO/WHO (1991) scoring pattern for assessing protein quality in foods for infants less than one year of age. It would also suggest the need to include a desirable cysteine/ methionine ratio (of about 2·0) in the scoring pattern.
At the present, PDCAAS values are corrected for the digestibility of protein as opposed to individual amino acids in a protein. However, there are often quite large differences between digestibility values for proteins and the individual amino acids. The accuracy of PDCAAS would be improved by determining individual amino acid digestibility values as opposed to only that for protein. It should also be noted that when a dietary protein has undergone some form of heat treatment or has been stored for a prolonged period of time, the availability of some amino acids, particularly lysine, might be underestimated using the conventional true ileal digestibility assay. The assay must be modified to account for the damage to heat sensitive amino acids. In such cases, other methods such as the true ileal reactive lysine digestibility assay are required to give accurate results.
The PDCAAS may not be appropriate for routine assessment of protein quality of sole source foods such as infant formulas and enteral nutritionals, protein sources containing high levels of known antinutritional factors (both present naturally or formed during processing or prolonged storage), protein products co-limiting in more than one IAA, and amino acid supplemented-poor quality proteins. The protein quality of such products should be evaluated by a biological assay such as a rat assay.
The RNPR (relative net protein ratio) method is the best rat assay for routine assessment of protein quality of foods. The RNU (relative nitrogen utilization) method gives essentially the same values as RNPR. Unlike the RNPR method where protein needed for maintenance is measured by feeding a non-protein diet, in the RNU method the factor for maintenance is calculated based on the initial and final weights of rats. The elimination of the need for feeding of a "zero" protein diet to a group of rats in the RNU method makes it less costly compared to the RNPR method. It is, therefore, recommended that the RNU method should be used for routine protein quality assessment of those foods where the use of the PDCAAS method is not appropriate.
